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EFFECT OF WING ASPECT RATIO AND FLAP SPAN
ON AERODYNAMIC CHARACTERISTICS OF AN EXTERNALLY
BLOWN JET-FLAP STOL MODEL
By Charles C. Smith, Jr.
Langley Research Center
SUMMARY
An investigation has been conducted to determine the effects of flap span and wing
aspect ratio on the static longitudinal aerodynamic characteristics and chordwise and
spanwise pressure distributions on the wing and trailing-edge flap of a straight-wing STOL
model having an externally blown jet flap without vertical and horizontal tail surfaces.
The force tests were made over an angle-of-attack range for several thrust coefficients
and two flap deflections. The pressure data are presented as tabulated and plotted chord-
wise pressure-distribution coefficients for angles of attack of 1° and 16°. Pressure-
distribution measurements were made at several spanwise stations.
The results of the investigation showed that reducing the flap span or wing aspect
ratio adversely affected the aerodynamic characteristics of the model which had four
engines located uniformly over the exposed span of the flap. The two-engine configuration
with only the two inboard engines operating had about the same longitudinal aerodynamic
characteristics as the configuration with all four engines operating. The spanwise lift
distribution of an externally blown jet flap is characterized by high peak loads, mainly on
the flaps behind each engine. There is a substantial spanwise lift carryover to stations
far removed from the jet itself.
INTRODUCTION
The present investigation was a part of a general research program to provide some
.fundamental information on the effects of geometric changes on the aerodynamic charac-
teristics of an external-flow jet-flap STOL model. A previous part of the program (ref. 1)
studied the effects of vertical and longitudinal engine positions, jet-exhaust deflectors, and'
leading-edge and trailing-edge flap geometry on the aerodynamic characteristics of an
externally blown jet-flap (EBF) model. The object of the present part of the program was
to determine the effects of flap span and wing aspect ratio on the aerodynamic character-
istics of the model. The same basic model has been used in both parts of the program.
This paper presents the effects of wing aspect ratio and flap span on the static
longitudinal aerodynamic characteristics and the chordwise and spanwise pressure dis-
tribution on the wing and flap of an EBF configuration without vertical or horizontal tail
surfaces. The model used in the investigation was powered by four simulated high-
bypass-ratio turbofan engines and was equipped with an unswept, untapered wing having
a double-slotted trailing-edge flap and a leading-edge slat. The position of the engines
along the span of the wing varied to provide uniform spacing over the exposed span of the
flaps. The force tests were made over an angle-of-attack range for several thrust coef-
ficients and two flap deflections. The pressure-distribution tests were made for the same
flap deflections and thrust coefficients at angles of attack of 1° and 16°.
SYMBOLS
The data are referred to the stability-axis system with the origin at the moment
reference center location (0.40 mean aerodynamic chord). The pressure coefficients are
based on free-stream dynamic pressure. Measurements were made in the U.S. Customary
Units. They are presented herein in the International System of Units (SI) with the equiv-
alent values in the U.S. Customary Units given parenthetically.
A wing aspect ratio
b wing span, m (ft)
drag coefficient, Fp/qS
lift coefficient, FL/qS
_ incremental lift coefficient due to flap deflection
Jftrim trim m coefficient, CL + ^M
r circulation lift coefficient due to power
m pitching-moment coefficient, My/qSc
jj. gross-thrust coefficient, T/qS
wing chord, 0.254 m (0.833 ft)
cn
chord of rear element of trailing-edge flap, m (ft)
r1
wing-section normal-force coefficient, \ cp dx/cJn
p - p
Cp pressure coefficient, —pj-2
cv vane chord, m (ft)
FA net axial force, N (Ib)
FD drag force, N (Ib)
FL lift force, N (Ib)
F normal force, N (Ib)
FR resultant force, ^FN2 + FA2, N (Ib)
I tail length (assumed), m (ft)
My pitching moment, m-N (ft-lb)
p surface static pressure, N/m2 (lb/ft2)
p free-stream static pressure, N/m2 (lb/ft2)
q free-stream dynamic pressure, N/m2 (lb/ft2)
S wing area, m2 (ft2)
T measured gross engine thrust, N (Ib)
W weight
x longitudinal coordinate of airfoil, m (ft)
y lateral distance from center line, measured perpendicular to plane of
symmetry, m (ft)
z airfoil surface ordinate, m (ft)
a angle of attack, deg
6f deflection of rear element of trailing-edge flap (positive when trailing edge
is down), deg
5i jet turning angle, tan"* Jr , deg
- ~'A
6V deflection of vane from wing chord plane, deg





Figure 1 presents a three-view drawing of the model with the aspect-ratio-7 wing
and full-span flap. Figure 2 shows the planform arrangement of the wing and engines for
A = 5.25 with full-span flap and A = 7 with both full-span and partial-span flaps. Note
that in each case the engines were located so as to provide a uniform spacing over the
exposed span of the flaps. Dimensional characteristics of the model are given in table I.
The aspect-ratio-7, full-span-flap model was the same as that of reference 1, and the ver-
tical and chordwise engine position was the same as position 1 of reference 1 (see fig. 3).
A detailed sketch of the wing leading-edge slat and trailing-edge flap assembly is shown in
figure 4. An NACA 4415 airfoil was used on the wing. The airfoil sections for the vane
and flap of the trailing-edge flap assembly were identical, and their coordinates are pre-
sented in table n. Flap deflections 6f of 35° and 55° were obtained by using separate6fflap brackets for each case. In all tests with flaps deflected, 5V = -£.
The engines on the model represented high-bypass-ratio fan-jet engines and
compressed-air-driven turbines drove the fans. The basic engine is illustrated in
figure 5.
In order to determine the chordwise and spanwise pressure distributions on the
wing, pressure orifices were located on the upper and lower surfaces on the left wing
and flap at eight spanwise stations. (See figs. 6 and 7.) In tests of the model with
the reduced flap span and/or wing aspect ratio, only six spanwise locations of pressure
orifices were used (1 to 6) because stations 7 and 8 were eliminated when the wing tip
was altered to obtain these configurations.
The model was sting mounted on a six-component internal strain-gage balance in
the 9- by 18-m (30- by 60-ft) test section of the Langley full-scale tunnel.
TESTS AND PROCEDURES
In preparation for the tests, engine calibrations were made to determine gross
thrust as a function of engine rotational speed in the static condition. These calibrations
were made with the engines mounted on the wing, bellmouth inlets installed, and trailing-
edge flaps removed. The tests were then run by setting the engine rotational speed to
give the desired thrust and holding these speeds constant over the angle-of-attack range.
Tests were made at zero airspeed to determine flap turning angles 6j and turning
efficiencies 17 under static conditions. These tests and the wind-on tests were made at
6f = 35° and 55°.
All wind-on force tests were made over an angle-of-attack range from -4° to 31°
at gross-thrust coefficients Cn of 0, 2.05, and 4.10 for configurations having a wing
aspect ratio of 7 and Cjj. = 0, 2.75, and 5.50 for a wing aspect ratio of 5.25. These
Cpi values correspond to the same thrust of the engines and differ only by being based
on a different wing area. The free-stream dynamic pressure for both the force tests and
the pressure-distribution tests was 166 N/m^ (3.46 lb/ft2) which corresponds to an air-
speed of 16.4 m/sec (54 ft/sec). The Reynolds number was 3.47 x 10^ based on the wing
chord.
No wind-tunnel jet-boundary corrections were considered necessary since the
model was very small relative to the size of the test section.
RESULTS AND DISCUSSION
Static Turning
Since the effectiveness of a jet-flap system is dependent to a large degree upon the
capability of the system for turning and spreading the jet exhaust efficiently, static turn-
ing tests were made of all configurations included in the present investigation to identify
the relative performance of each. Results of these tests (see fig. 8) show there is very .
little change in the jet turning angle due to changes in the aspect ratio of the wing and/or
the flap span. The ratio of the normal force to thrust F^f/T is plotted as a function of
the ratio of net axial force to thrust -FA//T in figure 9. These data indicate that the
losses caused by turning and spreading of the jet were from 8 to 10 percent for 6f = 35°
and from 35 to 40 percent for 6f = 55°. The turning of the jet was better when the
trailing-edge flap was deflected 70° rather than 55° because the flap captured more of
the jet engine exhaust. However, a trailing-edge-flap deflection of 55° instead of 70° was
used in the present investigation because the data of reference 1 indicate that undesirable
large negative angles of attack would be associated with flight at 6f = 70°.
Wind-On Data
Four engines.- The basic aerodynamic data for the model are presented in fig-
ures 10 to 12 for 6f = 35° and figures 13 to 15 for 5f = 55°. These data show that an
increase in thrust coefficient caused the usual increase in maximum lift coefficient and
nose-down pitching moment.
In order to show more clearly the effects of wing aspect ratio and flap span on the
longitudinal aerodynamic characteristics, the data of figures 10 to 15 have been replotted
in terms of trim lift coefficient and drag coefficient versus thrust coefficient C^ and
presented as figure 16. Comparison of the plots shows that there was little loss in trim
lift coefficient with reduction in aspect ratio from 7 to 5.25 but that there is more than
twice as much loss in lift from reduction in flap span from full span to 0.75-span for the
A = 7 wing. This comparison would suggest that there might be little lift carryover onto
the unflapped tip section of the wing. In order to investigate this point the data for the
A = 5.25 wing were recomputed based on the area of the A = 7 wing. Comparison of
the plots (fig. 16) shows that the unflapped tips added an increment of CL of 0.2 to 0.4
(based on the total area of the A = 7 wing). Therefore, based on the area of the tips
themselves, they added an increment of CL four times as great. On the basis of this
gross analysis of lift, it is apparent that the unflapped tips were causing an increment of
lift much greater than would normally be attributed to them.
Presented in figure 17 are values of added circulation lift due to power CL r as
a function of wing aspect ratio. These data were obtained from reference 2 for the
internal-flow jet-flap concept and from the present investigation for the EBF concept.
The data from reference 2 show the increase in added circulation to be expected from a
good internal-flow jet-flap system as the wing aspect ratio is increased. The data from
the present investigation show, as expected, that the increase in CL r with aspect ratio
is somewhat less for the EBF than for the internal-flow system.
In figure 18 are values of CL r *or several different thrust coefficients and val-
ues of ACL (incremental lift due to flap deflection) for 0^ = 0 as a function of the
ratio of flap span to wing span. Also presented for comparison purposes are calculated
values of AC^ from the method presented in reference 3. These data show that the
measured values of ACL at C^ = 0 are considerably lower than the calculated values
for a given flap span. The values of CL r f°r the power-on tests are shown to vary
almost linearly with flap span in the same manner as would be expected for circulation
lift of an unpowered wing (ref. 3). It should be pointed out that the results presented in
figure 18 are not only a function of flap span and wing aspect ratio, but also of engine
position; and the present data were obtained with uniform spacing of the engines over the
exposed span of the flap.
Two engines. - In order to determine the effects of spanwise engine location on the
longitudinal aerodynamic characteristics of the model, a few tests were made with only'
the inboard engines operating and the results are presented in figures 19 and 20. The
summary plot presented as figure 21 shows that for a given thrust coefficient C^ the •
two -engine configuration with engines close inboard produced almost as much total lift
and circulation lift coefficients (CL and CL r) as the four -engine configuration with the
engines spread uniformly over the exposed span of the flap. In order to remove differ-
ences in pitching moment from the comparison, the data are presented in figure 22 in
terms of CL trim- These data show that for a given thrust coefficient C^ the trim
lift coefficients and the drag coefficients (CL trim anc* ^D) ^or *ne two -engine inboard
configuration are the same as those of the four -engine spread configuration. This result
is further evidence of substantial lift carryover, or induced lift, far removed spanwise
from the jet itself.
One means of determining the overall efficiencies of jet -flap configurations is to
compare the thrust -weight ratio T/W required to fly in level flight. In the present
C.i + CT-\investigation the term -^=- - — is used to provide a measure of this efficiency. This
^L,trim
term is approximately equal to the thrust -weight ratio required to fly in level flight
at an angle of attack of 0° and provides a convenient method for making a comparison
when data are not available for the exact flap angle required for trim drag conditions.
The CL trim is the tail -off lift coefficient CL corrected for pitch trim; that is,
Cm
'•'L trim = ^L + ~~7^ wnere a tail arm l/c of 3.5 is assumed. Data are presented in
' L/ C
CM + Cj)
terms of the parameter -^ - in figure 23 and show that the minimum thrust required
to fly at a given CL was obtained with the wing having an aspect ratio of 7 and a full-span
flap. Reducing the wing aspect ratio or the span of the flap increased the thrust required
to fly at a given trim lift coefficient CL trim-
Inoperative engine.- The basic aerodynamic wind -on data for the model with one
engine inoperative are presented in figures 24 to 29. For convenience in analyzing the
basic data, summary plots of the basic data are presented in figure" 30 and show that a
greater loss in lift occurred with an inboard engine inoperative than with an outboard
engine inoperative for the configurations investigated. This result is generally similar
to that reported in other investigations (for example, ref. 4).
Pressure Data
In order to gain a better understanding of the spreading of the engine jet exhaust
and spanwise lift distribution, chordwise pressure-distribution data were obtained for
several spanwise stations and are presented in tables m to XXVn and also presented in
figures 31 to 80. In general, these data show that the flaps have large loads, especially
behind the engines where very large positive and negative pressures were measured. In
order to illustrate further the type of spanwise loading obtained in the tests, the pressure
plots of figures 48, 51, 53, 58, 62, 66, 74, and 78 were faired and integrated to determine
the section normal-force coefficient cn for each section along the span. A sample of
the fairing method used is illustrated in figure 78. This is the coefficient of force normal
to the surface of the wing at each chordwise station. These normal-force coefficients cn
were then plotted against the wing semispan and presented as figures 81 to 84. Portions
of the curves are estimated, but are believed to be a representative illustration of a typ-
ical spanwise load distribution for a straight-wing, externally blown jet-flap configuration.
The plots in figure 81 present a convenient comparison of the spanwise load distribution
of the three configurations tested and show that high peak loads are obtained behind the
engine positions regardless of the wing aspect ratio or flap span. One significant point
noted in figure 81 is that the wing with the largest flap span and, consequently, the great-
est distance between the engines, still showed relatively high values of section normal-
force coefficients between the engines, indicating fairly good lift carryover at the wing
midsemispan where the exhaust flow is probably minimum.
Typical spanwise loading curves for the model with the two- and four-engine con-
figurations, both for the same total-thrust coefficient C^, are presented in figures 82
and 83. The plots show a substantial lift carryover to the outer wing panels when the
engines are located close inboard. For instance, values of cn of about 2.5 near the tip
of the flap were noted for the two-engine configurations compared with about 3 between
the engines for the four-engine configurations. Typical spanwise loading curves for an
engine-inoperative case are presented in figure 84 for the wing having an aspect ratio 7
and a partial-span flap. The plots show that with an engine inoperative there is still a
substantial lift carryover behind the inoperative engine.
CONCLUSIONS
The following conclusions are drawn from a wind-tunnel investigation to determine
the effects of flap span and wing aspect ratio on the aerodynamic characteristics of an
externally blown jet-flap STOL model:
1. Reducing the wing flap span or wing aspect ratio adversely affected the aerody-
namic characteristics of the model.
2. An inoperative inboard engine caused a greater loss in trim lift than an inoper-
ative outboard engine.
3. The two-engine configuration with the engines located close inboard had about
the same longitudinal aerodynamic characteristics as the four-engine configuration with
the engines located uniformly over the exposed span of the flap.
4. The spanwise lift distribution of an externally blown jet flap is characterized by .
high peak loads, mainly on the flaps behind each engine.
5. There is a substantial spanwise lift carryover to stations far removed from the •
jet itself. This result was evidenced by the lift on the unflapped tip portion of the wing
with a partial-span flap, on the outer part of the wing when only the inboard engine was
operating, and by the lift between fairly widely spaced engines of the aspect-ratio-7 wing
with a full-span flap.
Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., April 20, 1973.
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TABLE L- DIMENSIONS OF MODEL
Fuselage:
Length, m (ft) 2.046 (6.714)
Diameter, m (ft) 0.196 (0.642)
Wing:
Aspect ratio 7.00
Area, m2 (ft2) 0.452 (4.86)
Span, m (ft) 1.778 (5.833)
Chord, m (ft) 0.254 (0.833)
Flap span, percent wing span 1.00 and 0.75
Aspect ratio 5.25
Area, m2 (ft2) 0.339 (3.65)
Span, m (ft) 1.334 (4.375)
Chord, m (ft) 0.254 (0.833)
Flap span, percent wing span 1.00
Vane chord cv, m (ft) 0.038 (0.125)
Flap chord cf, m (ft) 0.076 (0.250)
Leading-edge slat:
Span, percent wing span 1.00
Chord, m (ft) 0.048 (0.158)
10
TABLE H.- VANE AND FLAP AIRFOIL COORDINATESa
_.
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 Values are given in percent vane or flap chord.
11
TABLE m.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. FULL-SPAN FLAP; 6f = 35°;
CM = 2.05. ALL ENGINES OPERATING.





















































































































































































































































































































































































































































TABLE IV.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. FULL-SPAN FLAP; 6f = 35°;
Cjj. = 4.11. ALL ENGINES OPERATING.





















































































































































































































































































































































































































































TABLE V.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 35°; C^ = 0.
























































































































































































































































































































































TABLE VI.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 5f = 35°;
GH = 2.05. ALL ENGINES OPERATING,























































































































































































































































































































































TABLE VH.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 35°;
CM = 4.11. ALL ENGINES OPERATING.






















































































































































































































































































































































TABLE Vm.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 5.25. FULL-SPAN FLAP; 6f = 35°;
CM = 2.75. ALL ENGINES OPERATING.























































































































































































































































































































































TABLE IX.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 5.25. FULL-SPAN FLAP; 6f = 35°;
Cjx = 5.49. ALL ENGINES OPERATING.




















































































































































































































































































































































TABLE X. - PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. FULL-SPAN FLAP; 6f = 55°; C^ = 0.




















































































































































































































































































































































































































































TABLE XL- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. FULL-SPAN FLAP; 6f = 55°;
CM = 2.05. ALL ENGINES OPERATING.
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TABLE XII.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. FULL-SPAN FLAP; 6f = 55°;
CM = 4.11. ALL ENGINES OPERATING.





















































































































































































































































































































































































































































TABLE xm.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°; CM = 0.























































































































































































































































































































































TABLE XIV.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°;
Cp. = 2.05. ALL ENGINES OPERATING.
























































































































































































































































































































































TABLE XV.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°;
0^ = 4.11. ALL ENGINES OPERATING.





















































































































































































































































































































































TABLE XVI.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 5.25. FULL-SPAN FLAP; 6f = 55°;
Cj-i = 2.75. ALL ENGINES OPERATING.
























































































































































































































































































































































TABLE XVH.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 5.25. FULL-SPAN FLAP; 6f = 55°;
Cjn = 5.49. ALL ENGINES OPERATING.



















































































































































































































































































































































TABLE XVHL- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°;
CM = 1.54. OUTBOARD ENGINE INOPERATIVE.
























































































































































































































































































































































TABLE XIX.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°;
Cju = 3.08. OUTBOARD ENGINE INOPERATIVE.




















































































































































































































































































































































TABLE XX.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°;
CM = 1.54. INBOARD ENGINE INOPERATIVE.
























































































































































































































































































































































TABLE XXI.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°;
CJ-L = 3.08. INBOARD ENGINE INOPERATIVE.























































































































































































































































































































































TABLE XXII.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 35°;
CM = 1.03. INBOARD ENGINES OPERATING.
























































































































































































































































































































































TABLE XXm.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 35°;
C^ = 2.05. INBOARD ENGINES OPERATING.




















































































































































































































































































































































TABLE XXIV,- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f = 55°;
CM = 1.03. INBOARD ENGINES OPERATING.























































































































































































































































































































































TABLE XXV.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 7. PARTIAL-SPAN FLAP; 6f - 55°;
CM = 2.05. INBOARD ENGINES OPERATING.





















































































































































































































































































































































TABLE XXVI.- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 5.25. FULL-SPAN FLAP; 6f = 55°;
CM = 1.38. INBOARD ENGINES OPERATING.























































































































































































































































































































































TABLE XXVTL- PRESSURE COEFFICIENTS FOR WING AND FLAP OF MODEL.
WING ASPECT RATIO = 5.25. FULL-SPAN FLAP; 6f = 55°;
CM = 2.75. INBOARD ENGINES OPERATING.
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aspect ratio span S, m
O 7.00 Full 0.452
D 7.00 Partial .452
O 5.25 Full .339
































(a) 6f = 35°.
Figure 16.- Longitudinal aerodynamic characteristics of the model versus
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Wing aspect ratio
Figure 17.- Variation of added circulation lift with wing aspect ratio for several




























































































































































































Figure 18.- Effect of span of trailing-edge flap on added circulation lift.













































































































































Wing aspect ratio Flap span Engines
0 7.00 Partial 4 - Spread
D 5.25 Full 2 - Inboard
O 7.00 Partial 4 - Spread
A 5.25 Full 2 - Inboard
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Figure 22.- Comparison of the longitudinal characteristics of the model for the








































































(a) 6f = 35°.
Figure 23.- Summary of effect of spanwise variables on longitudinal







































































































































































































O All engines operating
n Outboard engine inoperative
O Inboard engine inoperative
0
(a) Partial-span flap; A = 7; 6f = 35°.















O All engines operating
D Outboard engine inoperative
O Inboard engine inoperative
(b) Ftill-span flap; A = 5.25; 6f = 35°.





































































































































































































































































































































































































O All engines operating ( ref. 1)
D Outboard engine inoperative
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(a) Stations 1 to 4.
Figure 32. - Pressure distributions on wing and flap of model. All engines operating.
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(a) Stations 1 to 4.
Figure 34. - Pressure distributions on wing and flap of model. All engines operating.
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Figure 36:- Pressure distributions on wing and flap of model. All engines operating.
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Figure 37. - Pressure distributions on wing and flap of model. All engines operating.
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Figure 39. - Pressure distributions on wing and flap of model. All engines operating.
Partial-span flap. 5f = 35°; a. = 16°; CM = 2.05; A = 7.
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Figure 40.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 41.- Pressure distributions on wing and flap of model. All engines operating.
Full-span flap. 6f = 35°; a = 1°; C^ = 2.75; A = 5.25.
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Figure 42.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 43. - Pressure distributions on wing and flap of model. All engines operating.
Full-span flap. 6f = 35°; GL = 16°; CM = 2.75; A = 5.25.
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Figure 44.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 47.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 48.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 49.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 50. - Pressure distributions on wing and flap of model. All engines operating.
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Figure 52. - Pressure distributions on wing and flap of model. All engines operating.
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Figure 53. - Pressure distributions on wing and flap of model. All engines operating.
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Figure 55.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 56.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 57.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 58.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 59. - Pressure distributions on wing and flap of model. All engines operating.
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Figure 60.- Pressure distributions on wing and flap of model. All engines operating.
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Figure 61.- Pressure distributions on wing and flap of model. Outboard engine
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Figure 62.- Pressure distributions on wing and flap of model. Outboard engine
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Figure 63. - Pressure distributions on wing and flap of model. Outboard engine
inoperative. Partial-span flap. 6f = 55°; a = 16°; C^ = 1.54; A = 7.
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Figure 64. - Pressure distributions on wing and flap of model. Outboard engine
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Figure 66.- Pressure distributions on wing and flap of model. Inboard engine inoperative.
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Figure 68. - Pressure distributions on wing and flap of model. Inboard engine inoperative.
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Figure 70. - Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 71.- Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 72. - Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 73. - Pressure distributions on wing and flap of model. Inboard engines operating.






i i i u i i i i i i i i
.1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1
I/t
Station 1
O Upper surface wing
O Upper surface vane
O Upper surface (lap
© Lower surface wing
ffl Lower surface vine
<£> Lower surface llap
O Upper sunace wing
D Upper surface vane
O Upper surface flap
® Uwer surface wing
S Lower surface vane
$ Lower surface flap






.1 .2 .3 .4 .5 .6 .7 .8
.3 .4 .5 .6 .7 .8
ifc
1 1 1





o o D ' < >
1 1
D-D
3 ° ° °
1 1




Figure 74.- Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 75.- Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 76. - Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 77. - Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 78.- Pressure distributions on wing and flap of model. Inboard engines operating.
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Figure 79.- Pressure ^ distributions on wing and flap of model. Inboard engines operating.
Full-span flap. 6f = 55°; a = 16°; CM = 1.38; A = 5.25.
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Figure 80. - Pressure distributions on wing and flap of model. Inboard engines operating.
Full-span flap. 6f = 55°; a = 16°; CM = 2.75; A = 5.25.
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